Objective: Little evidence is available on the management of patients with metastatic and/or unresectable gastric cancer (mGC) after the failure of first-line treatment. This study presents real-world data on characteristics and treatment patterns of patients with mGC in Russia. Methods: Eligible patients were !18 years old, diagnosed with mGC ! January 1, 2012, received firstline chemotherapy followed by second-line chemotherapy or best supportive care (BSC), had !3 months of follow-up after the start of second-line chemotherapy or BSC (except in cases of death), and had not participated in a clinical trial. Data were summarized using descriptive statistics. Results: A total of 88 physicians provided data from 202 charts. Mean age at mGC diagnosis was 53.7 (standard deviation: 11.2) years; 70.8% of patients were male. Reasons for first-line treatment discontinuation included disease progression (50.5%) and adverse events/toxicity (39.1%). There were 52 unique treatment regimens prescribed in second-line; capecitabine (14.5%), paclitaxel (9.3%), and capecitabine þ oxaliplatin (8.7%) were the most frequent. Reasons for second-line treatment discontinuation included disease progression (39.8%) and patient refusal to continue (37.5%). During 2nd-line treatment, the most common treatment-related symptoms were nausea/vomiting (75.0%), while pain (73.8%) was the most common disease-related symptom. Antiemetics (63.4%), chemotherapy (61.6%), non-narcotic analgesics (48.3%), endoscopy (45.9%), and nutritional support (35.5%) were most frequently used as supportive care. Conclusions: Second-line treatment patterns for patients with mGC in Russia are heterogeneous. Results of this study indicate the need for more intensive implementation of the most active regimens in second-line treatment of mGC according to international and national guidelines.
Introduction
Gastric cancer, originating in the stomach, esophagus, or the esophagogastric junction, is one of the leading causes of cancer-related deaths, with an estimated 1.6 million new cases worldwide in 2018 [1] . In Russia, the age-standardized incidence of gastric cancer in 2016 was 14.1 per 100,000 and the death rate from gastric cancer was 10.9 per 100,000 [2, 3] . The one-year mortality rate from gastric cancer in Russia in 2016 was 48.5% [3] . Risk factors for gastric cancer include male gender, Helicobacter pylori infection, tobacco use, atrophic gastritis, partial gastrectomy and M en etrier's disease [4, 5] . Distal or antral gastric cancers that are associated with H. pylori infection, alcohol use, high-salt diet, processed meat and low fruit and vegetable intake are more common in East Asia. Tumors of the proximal stomach (cardia) are associated with obesity, and tumors of the gastroesophageal junction are associated with reflux and Barrett's esophagus and are more common in non-Asian countries [4, 6] .
Complete surgical resection of cancer and extended lymph node dissection remain the only curative treatment options [7] . However, up to 50% of patients present with advanced or metastatic disease at diagnosis, and 40-60% relapse after surgery with curative intent. Only 25% of patients with gastric cancer have resectable disease at presentation [8] . In Russia, among patients first diagnosed with gastric cancer in 2016, 33.4% had tumor stage I-II, 23 .6% had stage III, and 40.4% had stage IV [3] . Advanced unresectable or metastatic gastric cancer (mGC) has a poor prognosis, with a median survival rarely exceeding 12 months, and is only amenable to palliative treatment [7] . Chemotherapy is the standard treatment in these patients, but other treatments, such as radiotherapy, may be used [9] . Best supportive care (BSC) is usually offered in advanced stages of cancer, and may be provided concomitantly with chemotherapy. This involves palliative interventions to manage symptoms and complications such as bleeding, gastric obstruction, pain, nausea/vomiting and ascites, which may arise from the tumor or as a consequence of therapy. In recent years, treatment of patients with advanced gastric cancer is increasingly expanded beyond first-line, but even the most effective regimens have failed to significantly improve overall survival [8, 10, 11] .
In light of the introduction of newer treatment options for advanced unresectable or mGC, there is a need to investigate the current treatment landscape in this patient population, particularly beyond first-line treatment. There are no studies on treatment patterns and associated healthcare resource use (HRU) among patients with mGC in Russia. Furthermore, while clinical trials have shown clinical efficacy of some of these treatment options, data on the real-world effectiveness and resource utilization of these treatment options are limited. The availability of such real-world data would enable clinicians and their patients to make informed treatment decisions regarding their care, and also inform payers in regard to the resources needed to manage patients with mGC.
The objective of this study was to describe real-world treatment patterns and cancer-related HRU among patients with mGC in Russia.
Methods

Data source and study design
A retrospective chart review study was conducted. Data were collected from a convenience sample of physicians practicing in the field of oncology in Russia recruited from market research panels of physicians who agreed to be contacted about studies. An online chart extraction tool was designed and made available to participating physicians via an electronic portal. Each physician was asked to review patient charts and provide de-identified information for up to three eligible patients each.
The study index date was defined as the date of mGC diagnosis. The baseline period was defined as any time prior to the index date (i.e. all medical history available prior to mGC diagnosis). Patients were observed until death, loss to follow-up, or study cut-off date, whichever occurred first. Chart abstraction took place between September 30, 2016 and November 2, 2016. Data collected from the physicians did not include any patient-identifying information, and the study received IRB exemption from the Independent Interdisciplinary Ethics Committee on Ethical Review for Clinical Studies (http://ethicuni.ru/).
Inclusion criteria
Physicians who participated in the study had oncology or chemotherapy specialty and treated at least one patient meeting the eligibility criteria for the study. Patients were included if they (1) had a diagnosis of mGC (including adenocarcinoma of the stomach or gastroesophageal junction with adenocarcinoma histology), on or after January 1, 2012 (patients could have been diagnosed with an earlier stage gastric cancer before January 1, 2012); (2) had completed first-line treatment with chemotherapy that included a platinum analogue (cisplatin, carboplatin, oxaliplatin) and/or a fluoropyrimidine (5-FU, capecitabine, TS-1, UFT) with or without any other medication (biologic or cytotoxic agent), and had continued with either second-line treatment or BSC; (3) had at least three months of follow-up after the first administration of a second-line therapy regimen or the initiation of BSC following the end of first-line therapy (except for patients with a documented death after mGC diagnosis); (4) were at least 18 years of age at the time of mGC diagnosis; (5) had no other primary malignant tumors; and (6) had no prior participation in clinical trials following mGC diagnosis.
Data collection
Physicians reported information on their medical specialty, whether they were affiliated with a teaching hospital, years in practice, and the number of eligible patients treated. For each patient, physicians reviewed medical records to provide detailed patient demographic and clinical characteristics. Patient baseline characteristics included age as of the index date, sex, ethnicity, body mass index (BMI), smoking history, alcohol consumption, history of H. pylori infection, family history of gastric cancer, the Charlson Comorbidity Index (CCI) (excluding malignancy, adaptation from Romano et al. [12] ), location of the primary tumor, location(s) of metastasis, HER2/neu gene expression test results, time between gastric cancer diagnosis and mGC diagnosis, and prior therapies.
Information on treatment patterns by line of therapy and cancer-related HRU following mGC diagnosis was collected during the follow-up period. This included patients' Eastern Cooperative Oncology Group (ECOG) score [13] at the start of first-line treatment, first-line treatment regimens, duration of first-line treatment period, and reason(s) for ending firstline treatment. Among patients who received second-line treatment, ECOG score at the start of second-line, regimens, treatment duration, and reason for ending the treatment were also recorded. Information regarding the nature of BSC received (pharmaceuticals, procedures [e.g. endoscopy], and nutritional support) as well as HRU was collected following the index date. Common symptoms experienced by mGC patients were reported during patients' first, second and third lines of therapy (if applicable).
Statistical analyses
All variables were analyzed using descriptive statistics. Means and standard deviations (SDs) were reported for continuous variables and frequencies and percentages were used for categorical variables.
Patients were stratified into two cohorts: patients whose first-line therapy was followed by BSC only (BSC cohort), and patients whose first-line therapy was followed by second-line therapy (2nd-line cohort). Baseline patient characteristics, duration of the follow-up period, and first-line chemotherapy treatment patterns (i.e. ECOG score at the start of first-line treatment, first-line treatment regimens, duration of first-line treatment period, and reason[s] for ending first-line treatment) were compared between the 2nd-line and the BSC cohorts. Chi-squared tests were used for comparisons of proportions, and Wilcoxon rank-sum tests were used for comparisons of continuous variables. p-values <.05 were considered statistically significant. All analyses were performed using SAS 9.3 or more recent (SAS Institute, Cary, NC).
Results
Physician and patient characteristics
A total of 88 physicians participated in the study and provided de-identified data based on 202 patient charts. Most physicians (53, 60.2%) specialized in oncology with an average of 11.2 years (SD ¼ 6.1) in practice; the other 35 physicians (39.8%) reported chemotherapy as their specialty. A total of 35 (39.8%) physicians reported affiliation with a teaching hospital. Physicians reported an average of 25 eligible patients under their care since January 1, 2012.
Patients were diagnosed with mGC between February 1, 2012, and October 12, 2016. Mean age at mGC diagnosis was 53.7 years (SD ¼ 11.2), and 70.8% were male. Patients with no history of smoking comprised 42.1% of the study sample, while 31.2% and 21.3% were current or former smokers, respectively. A majority of patients had a history of light to moderate alcohol use (55.0%) and 6.4% of patients had heavy alcohol consumption. A history of H. pylori infection or a family history of gastric cancer was observed in 26.2% and 16.8% of patients, respectively. On average, mGC diagnosis occurred 3.2 months (SD ¼ 7.2) after initial gastric cancer diagnosis. Almost half of patients (49.5%) had metastatic gastric cancer (Stage IV) when first diagnosed. In 32.7% of patients, the fundus and corpus were the primary tumor locations. Other common primary tumor locations included the whole stomach (21.8%), antrum and pylorus (19.8%), and gastric cardia (18.3%). A total of 92 patients were tested for HER2/neu gene expression, among whom 30 (32.6%) were positive. Among patients with at least one metastasis, (overall n ¼ 181; BSC cohort: n ¼ 26, 2nd-line cohort: n ¼ 155, p ¼ 0.58), the most frequently reported metastatic sites were the liver (53.6%), lymph nodes (53.0%), and peritoneum (44.8%).
Patients in the BSC cohort had lower BMI and faster progression between gastric cancer diagnosis and mGC diagnosis than patients in the 2nd-line cohort (1.5 months [SD ¼ 5.4] vs 3.5 months [SD ¼ 7.4], p ¼ .03). Patients in the BSC cohort had a higher likelihood of having a metastasis in the peritoneum compared to the 2nd-line cohort (76.9% vs. 39.4%, p < .01). A higher proportion of patients in the BSC cohort had received adjuvant chemotherapy prior to mGC diagnosis compared to the 2nd-line cohort. A similar proportion of patients had a gastric cancer-related surgery prior to the index date (BSC cohort ¼ 10.0%, 2nd-line cohort ¼ 26.7%, p ¼ .13) ( Table 1) .
Treatment regimens by line of therapy
The majority of patients in this study were diagnosed with mCG in 2015 (36.6%) or 2016 (42.1%). The mean follow-up from mGC diagnosis to the end of observation was 11.2 (median ¼ 8.6, SD ¼ 8.4) months. Per eligibility criteria, all patients in the study had fluoropyrimidine/platinum as firstline therapy for mGC, with or without other agents. At firstline therapy initiation, 58.3% of patients were symptomatic but completely ambulatory (ECOG ¼ 1), while some remained asymptomatic (ECOG ¼ 0, 15.5%). For first-line therapy, the most frequently reported regimens were fluoropyrimidine and platinum agent combinations (44.1%), which consisted mostly of 5-FU and cisplatin (18.3%) and capecitabine and oxaliplatin (5.9%) followed by fluoropyrimidine monotherapy (17.3%), and platinum monotherapy (9.9%). Physicians reported selecting first-line treatment based on own experience (76.2%) and national guidelines (63.4%). Mean duration of first-line treatment was 139.2 days (median ¼ 122, interquartile range [IQR]: 71-173). In 50.5% of patients, first-line therapy was discontinued because of disease progression, and in 39.1% of patients first-line therapy ended due to adverse events (AEs) or toxicity. Patients in the BSC cohort discontinued first-line therapy because of disease progression less often than patients in the 2nd-line cohort (33.3% vs. 53.5%, p ¼ .04). They also discontinued because of reaching the end of their treatment protocol more often than patients in the 2nd-line cohort (16.7% vs. 5.2%, p ¼ .04).
At second-line therapy initiation, 46.5% of patients were symptomatic but completely ambulatory (ECOG ¼ 1), while 29.2% were symptomatic and spend <50% of the day in bed (ECOG ¼ 2). The most frequent regimen categories used in second-line therapy were fluoropyrimidine monotherapy (18.6%), fluoropyrimidine and platinum agent combinations (18.6%), taxane monotherapy (14.0%), and irinotecan and platinum agent and/or fluoropyrimidine (8.7%). The remaining patients (40.1%) were given other various types of therapy, including irinotecan monotherapy (6.4%), capecitabine þ cisplatin þ trastuzumab combination therapy (2.9%), and cisplatin monotherapy (2.3%). The most frequent regimens were capecitabine (14.5%), paclitaxel (9.3%), and capecitabine þ oxaliplatin (8.7%). For 70.9% of patients, physicians reported selecting therapy based on national guidelines; for 68.6%, choice of therapy was guided at least in part by own experience. Median duration of second-line treatment was 201 days [IQR: 71-Not reached]. The most frequent best response to therapy was stable disease (39.5%). Disease progression was the leading cause of discontinuing second-line therapy (39.8% of patients), followed by patient refusal to continue (37.5%) ( Table 2 ). Approximately 10% (n ¼ 20) of patients in the study received third-line chemotherapy.
To gain insight into the potential reasons why some patients received second-line therapy with fluoropyrimidine monotherapy vs. fluoropyrimidine and platinum agent combinations, select patient characteristics such as first-line regimen category, reason for discontinuation of first-line therapy, and ECOG status were described separately for patients with different second-line regimens. No statistical comparisons were conducted due to the small sample sizes. Among patients who were treated with fluoropyrimidine monotherapy in second-line relative to those treated with fluoropyrimidine and platinum agent combinations, a numerically higher proportion (31.3% vs. 15.6%, respectively) had other regimens in first-line (i.e. these patients had first-line therapy other than fluoropyrimidine monotherapy, platinum monotherapy, fluoropyrimidine and platinum agent combinations, or triple therapy with fluoropyrimidine, platinum agent and taxane). In addition, a numerically higher proportion of patients treated with fluoropyrimidine monotherapy in second-line had first-line therapy with fluoropyrimidine and platinum agent combinations (43.8% vs. 34.4%), suggesting that these patients may have received fluoropyrimidine monotherapy in second-line due to toxicity with a platinum combination in first-line therapy. The distributions of ECOG scores at the start of second-line therapy suggested worse performance status among patients who were treated with fluoropyrimidine monotherapy in second-line relative to those treated with fluoropyrimidine and platinum agent combinations (no statistical comparisons were conducted).
Physician-reported patient symptoms
The most commonly experienced treatment-related symptoms throughout the study period were nausea/vomiting (80.2%) and pain (32.7%). Treatment-related nausea/vomiting occurred in 73.3% of patients during first-line therapy, 75.0% during second-line therapy, and 75.0% during third-line therapy. Pain and nausea/vomiting related to cancer were reported in 77.7% and 50.0% of patients, respectively (Figure 1) . (Table 3 ).
Discussion
In this study of 202 mGC patients who completed first-line treatment with chemotherapy with a platinum analogue (cisplatin, carboplatin, oxaliplatin) or a fluoropyrimidine regimen, and continued with either second-line therapy or BSC, the majority of patients (85%) received second-line chemotherapy. Half of the patients discontinued first-line therapy due to disease progression and among those who received second-line therapy, 39.8% discontinued treatment due to disease progression. Second-line regimens were highly variable; there were 52 unique treatment regimens prescribed in second-line. Supportive care was commonly used to treat both disease-and treatment-related symptoms.
HRU was driven both by chemotherapy administration and disease symptom management. The most commonly reported cancer treatment-related symptoms experienced by patients were nausea/vomiting and pain, and the most commonly used supportive care agents were antiemetics and chemotherapeutic medication. In addition to inpatient visits for chemotherapy administration, patients were often seen in outpatient hospitals and oncology clinics for the management of disease symptoms and AEs/toxicities.
In this study sample, 70.8% of patients were male, which is consistent with the higher incidence of gastric cancer in men [14] . Half of the patients in the present study were current or former smokers; 55% had light or moderate, and 6.4% had heavy alcohol consumption. The association between smoking and heavy alcohol consumption in the etiology of gastric cancer is well-established. [15, 16] These observations are consistent with findings of a previous study based on the Russian population, that reported an association between smoking and heavy alcohol consumption with increased risk of gastric cancer [17] .
The vast majority of patients with mGC in the present study received chemotherapy which is consistent with prior reports. In the Registry of gastric cancer treatment evaluation (REGATE) II study [18] , overall, 90% of patients received chemotherapy, mostly fluoropyrimidine/platinum combinations, which was also the most common first-line regimen physicians recommended in the present study (single agent fluoropyrimidine or fluoropyrimidine/platinum combination). Several evidence-based guidelines for the management of gastric cancer have been developed [4, 14, 19] . European (ESMO), North American guidelines (NCCN) and Asian guidelines all recommend primary palliative chemotherapy with doublet or triplet fluoropyrimidine/platinum combinations for management of patients with mGC [4, 14, 19] . However, these guidelines may not be implemented consistently across these various geographies, due to important differences in mGC epidemiology, socioeconomic environment, resources, and healthcare policy. Significant geographical differences exist in Asian countries in the use of second-line chemotherapy for patients with advanced or metastatic gastric cancer, which is partly attributable to the absence of strong evidence to support survival benefit of second-line treatment regimens [14] . The heterogeneity in second-line treatment regimens observed in the present study is in line with these findings.
In the present study, approximately 15% of patients received BSC only after first-line therapy. This is slightly lower than what was observed in a 2017 real-world study on the treatment patterns of mGC in South Korea, which found that 19.7% of patients received BSC only after first-line therapy, compared to 80.3% of patients who pursued to second-line therapy [20] . A similar 2017 study conducted in Taiwan found that 35.2% of patients received BSC only whereas 64.8% of patients received second-line therapy [21] . It is interesting to note that, when asked a general question about the approximate percentage of patients who received BSC only after first-line therapy among patients treated with first-line therapy as part of this chart review, physicians estimated that, on average, 41% received BSC only. It is possible that physicians had follow-up information only for patients under active treatment, and thus may have had more patients initiating second-line therapy for whom they had at least 3 months of follow-up. Therefore, while the proportion of patients who received BSC only compared to second-line therapy appears to be lower in Russia than in other countries, caution is warranted when interpreting this finding, as the inclusion criteria may have underestimated the true proportion of BSC only patients.
Approximately 10% of the patient received third-line therapy. However, the percentage of patients receiving third-line therapy in this study is likely an underestimation of the true proportion of patients with mGC who receive third-line therapy, because the median follow-up from mGC diagnosis to last contact was 8.6 months and data were censored at the time of chart abstraction.
Future research should examine the implications of testing for the genomic subtype of gastric cancer on real-world treatment patterns (Epstein-Barr virus [EBV]-infected tumors, microsatellite instability [MSI] tumors, genomically stable tumors, and chromosomally unstable tumors) [22] . Recent data have demonstrated the potential benefit of targeted therapy, including among patients with EBV-infected tumors and MSI tumors which may respond to PD-1 inhibition [23, 24] . Thus, it is likely that the tumor genomic subtype will have a substantial impact on the real-world treatment patterns observed among patients with mGC in the years to come. The novelty of genetic testing may also explain the low frequency of HER2/neu gene expression test observed in the results. At the time of data collection, HER2/neu gene expression was not routinely performed among patients with mGC because treatments for HER2-positive cancers (i.e. trastuzumab) were not commonly available. This testifies of the rapidly-changing treatment landscape for the treatment of patients with mGC in Russia.
Limitations
This study is subject to some limitations common to retrospective studies using data collected through patient chart reviews. First, the completeness and accuracy of collected patient information depended on the physician recording of medical history information in patient charts. Second, although automated quality control checks for the chart abstraction form helped minimize possible inconsistencies in the recording of information from medical charts, patientreported information documented in medical records and abstracted in this study (e.g. smoking and alcohol use) may be subject to self-report bias. Third, physicians may not have had full access to records documenting all medical care administered to patients over the course of mGC treatment. For example, some HRU such as emergency room visits, gastrointestinal clinic visits, hospice and home visits could have been unknown to treating physicians. Finally, despite the inclusion of physicians from practices across a number of geographic regions in Russia, treatment patterns reported in this study may not be representative of the treatment practice of all physicians or the treatments for all mGC patients in Russia, and global generalizability of the study results may be limited. Indeed, previous studies have noted differences between gastric cancer patients in eastern and western countries [25] [26] [27] .
Conclusions
Treatment patterns for patients with mGC in Russia are highly heterogeneous. The results of this study indicate the need for more intensive implementation of the most active regimens in second-line treatment of mGC according to international and national guidelines. This study also provides stakeholders with information on the current treatment landscape and related HRU among patients with advanced and metastatic gastric cancer in Russia. Further studies will be needed to understand the impact of future novel agents on treatment patterns and healthcare use in this population.
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